KaHOHHHeCKHH (J)0pMajIH3M peJIHTHBHCTCKOH 

TeopHH rpaBHTaHHH 

B.O. CojiOBbeB, M.B. HHHHKHHa 

AHHOTail,HH 

IIoCTpoeH raMHJIbTOHHaH flJIS pejIHTHBHCTCKOH TeopHH rpaBHTaiTHH 

(PTr) c HeHyjieBolt Maccolt rpaBHTOHa. B KanecTBe npHMepa hctohhh- 
Ka rpaBHTan,HH pacraviaTpHBaeTCH CKajiapHoe nojie. HcKjnoneHbi CBH3H 
BToporo po^a h nocTpoeHBi cko6kh ^npaKa. Cbh3h nepBoro pojj;a b 

TeopHH OTCyTCTByiOT. E[oKa3aHO, HTO COOTBeTCTByiOinHM o6pa30M Bbl- 
6npaH BXO/TiHHHe B raMHJIbTOHHaH npOH3BOJIBHbie CpyHKHHH, MOJKHO 

nojiyHHTb reHepaTopbi rpynnbi IlyaHKape. Hx cko6kh ^HpaKa pea- 
jiH3yioT ajire6py rpynnbi, b corjiacnn c TeM, hto b PTr hmciotch 10 
3aKOHOB coxpaHeHHa. 

1 BBe^eHHe 

Bojlsihhhctbo (J)H3hkob cHHTaeT, hto rpaBHTaiLHOHHoe none, no,no6Ho ocTajib- 

HMM CpyH^aMeHTajIbHblM nOJLHM, flOJDKHO 6bITb IipOKBaHTOBaHO . XopOIUO H3- 
BeCTHbl TpyiXHOCTH, C KOTOpMMH CTajIKHBaeTCH KBaHTOBaHHe nojia MeTpnne- 

ckoto TeH3opa b o6meH TeopHH othocht6jibhocth (OTO). Ilpe^cTaBjiHeT hh- 
Tepec Bonpoc o nepcneKTHBax KBaHTOBaHHH ajit.TepHaTHBHL.ix TeopHH rpaBH- 
TaiTHH. HMeH B BHJjy, HTO KaHOHHHeCKOe KBaHTOBaHHe HBJIHeTCH HCTOpHHeCKH 
H He TOJIbKO HCTOpHHeCKH, nepBMM H3 MeTOflOB oGteiXHHeHHH KBaHTOBOH Me- 

xaHHKH h KjiaccHHecKoii TeopHH, mm 3flect>, HMea b BH/xy nporpaMMy KBaHTO- 
BaHHH pejIHTHBHCTCKOH TeopHH rpaBHTaiTHH (PTr) [TJ, HaHHeM c nocTpoeHHH 
,ztjih 3toh TeopHH raMHjibTOHOBa cpopMajiH3Ma. B paHHeM BapnaHTe [2J pe- 
nieHHH 3ajj;aHH paccMaTpHBajiacb BepcHH PTr c HyjieBofl Maccofi rpaBHTOHa, 

OT KOTOpOH BnOCJie^CTBHH OTKa3a JLHCb . FlOBaH nOCTaHOBKa, T.e npncyTCTBHe 

HeHyjieBoii MaccM rpaBHTOHa, KaK 6yn,eT bh/xho H3 j^ajitHeHHiero, npHBOJXHT 
k cymecTBeHHo otjihhhmm pe3yjiKraTaM. B TeopHH HeT cBH3eft nepBoro pon,a, 
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hhcjio cTeneHeft cBo6ojjbi B03pacTaeT, HHBapnaHTHocTb oTHocHTejibHo rpyn- 
nt.i IlyaHKape npHBo/jHT k 10 HHTerpajiaM jjBHJKeHHa. 

Mh 6yn;eM hcxojxhtb H3 jiarpaHacnaHa pcjisthbhctckoh TeopHH rpaBHTa- 
hhh [1], KOTopBifl no3BOJi3eT Gojiee hjih MeHee cTaH^apTHBiM cnocoGoM ocy- 
mecTBHTb nepexofl k raMHjiBTOHHaHy h HaftTH cko6kh IlyaccoHa. 

2 JlarparoKHaH pejisiTHBHCTCKOH TeopHH rpa- 

BHTaHHH 

B oTjiHHHe ot oGmeii TeopHH othochtcjibhocth pejiHTHBHCTCKas Teopna rpa- 
BHTaHHH co^;ep>KHT He^HHaMHHecKyio njiocKyio MeTpnxy h^, KOTopaa bxo- 
jjht b jiarpaHJKHaH TeopHH Hapa/xy c /xHHaMHHecKOH pHMaHOBofi mctphkoh 
g^ v . IIpHHHMaH ckopoctb cBeTa paBHofi e/XHHHHe Mbi Mo>KeM, corjiacHo pa6o- 
Te PQ, 3anncaTB jiarpaHxceBy hjiothoctb rpaBHTaHHOHHoro nojia: b BH^e 

rj\e MHoroTonne o6o3HanaeT noBepxHocTHBie hjichbi (4-,n,HBepreHHHH) , rpene- 

CKHe HH^eKCBI npHHHMaiOT 3HaHeHH2 ot ,0,0 3, G - rpaBHTaHHOHHas nOCTO- 

aimaa, g = det(g lxu ), h = det(/i Ati/ ), R - cKajiapHaa KpHBH3Ha npocTpaHCTBa- 
BpeMeHH, onpe^ejieHHaa MeTpHKoii g^ u , m - Macca rpaBHTOHa. Hcnojib3yeTC3 
cnraaTypa (—1, 1, 1, 1). 

C TOHHOCTbio ro 4-^HBepreHH,HH mojkho nepenHcaTb jiarpaHaceBy njioT- 

HOCTb ([I]) B SKBHBajieHTHOM BHfle 

£ = ( A ^ Ar - - Ar - Ar -)-Io^ ^) + ' • • < 

(2) 

r^e 

AI^ = f %, - = \g x ° (D,g^ + D v g ail - D a g^) , (3) 

- CHMBOJIbI KpHCTOCpCpejia pHMaHOBOH MeTpHKH, T^ u - CHMBOJIbI KpH- 

CTOcpcpejia njiocKoft MeTpHKH, a - KOBapnaHTHaa npoH3BOjxHaa:, corjiaco- 
BaHHaa c njiocKoft MeTpHKoii. 

He3aBHCHMBiMH nepeMeHHbiMH, noflJieacam^MH BapbHpoBaHHio b ji^hctbhh, 
nocTpoeHHOM H3 jiarpaHJKeBbix njioTHOCTeii ([T]) hjih (J2J), MoryT cjiy>KHTb, Ha- 
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npiiMep, 10 KOMnoHeHT pHMaHOBoii MeTpHKH g^y. ^Jia ynpomeHHH cpopMajib- 
hbix BtiKjia^oK 6ynyT nojie3Hti TaK>Ke TeH3opHtie BejiHHHHbi 




3 3+l-pa3jio^ceHHe TeH3opoB h HOBoe npe^CTaB- 
jieHHe Rjin jiarparoKeBoii iijiothocth 

IIpH nOCTpoeHHH raMHJIBTOHOBa (|)OpMajIH3Ma Heo6xO^HMO BMflejIHTb Ha- 

npaBjieHHe sbojhohhh, T.e. <pH3HHecKoe BpeMH. IIpH stom coBceM Heo6H3a- 
TejitHo HapyinaTb o6myio KOBapnaHTHocTb TeopHH h BbiGnpaTb b KanecTBe 
BpeMeHH oflHy H3 Koop^HHaT X a . B pa6oTax Kyxap»ca [3] 6mjio BnepBbie no- 
Ka3aHo, Kax cjie,n;yeT ctpohtb 4-KOBapnaHTHBiii KaHOHHHecKHH (popMajiH3M. 
3^,ecb mu 6yneM cjie^oBaTb 3TOMy MeTo^y, nojib3yHCb Taxace pe3yjibTaTaMH 
pa6oTBi jl]. 

OnKcupoBaHHOMy MOMeHTy (|>H3HHecKoro BpeMeHH cooTBeTCTByeT HeKo- 
Topan npocTpaHCTBeHHono^;o6HaH rnnepnoBepxHOCTb 

X a = e a {x i ), (5) 

r,n;e x % - He3aBHCHMbie Koop^HHaTbi Ha rnnepnoBepxHocTH, jiaTHHCKHe HH^eK- 
cm npHHHMaioT sHaneHHa ot 1 3. B otjikhhc ot cjiynaeB, paccMOTpeHHbix 
b paGoTax [3], y Hac HMeeTca ^Be MeTpHKH npocTpaHCTBa-BpeMeHH, a He oj\- 
Ha, h mm TpeGyeM, htoGbi noBepxHocTb Gtuia npocTpaHCTBeHHono^oGHOH no 
oTHOHieHHio k o6eHM MeTpHKaM^ 3to o3HanaeT HajiojKeHHe ,n;Byx ycjioBHii, 
cnpaBe^jiHBtix bo Bcex TOHKax rnnepnoBepxHocTH, 

<y ij (x k )dx t dx j > 0, 7] ij (x k )dx t dx j > 0, (6) 

r^e HcnojiB30BaHti ^Be pa3JiHHHtie HH,n;yHHpoBaHHbie MeTpHKH: 

OneBH^Ho, hto b o6meM cjiynae MeTpHKa rjij, b oTjinnne ot h^ u , He HBjiHeTCH 
njiocKoft. 

,H,ajiee, mm 6yn,eM npe^nojiaraTb, hto Bee npocTpaHCTBo-BpeMH mojkct 
6bitb 3anojiHeHo TaKHMH cjiohmh nocTOHHHoro cpH3HHecKoro BpeMeHH, T.e. 

1 Bo3mo>khoctij TaKoro Tpe6oBanHa o6ecne ii iHBaeTca b PTr nocTyjiaTOM iiphihhhoctii. 
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npe^CTaBjieHO b bh^6 oflHonapaMeTpuHecKoro ceMeflcTBa npocTpaHCTBeHHO- 
no^;o6HBix rnnepnoBepxHOCTeii: 



X a = e a {x\t), (8) 

npnneM mojkho BBecTH BeKTopHoe nojie 

de a 

N° = w , (9) 

KOTopoe 6yn;eT Bcro^y BpeMeHHnoflo6HMM no oTHonieHHio k o6enM MeTpnxaM 
npocTpaHCTBa-BpeMemi 

g a pN a N? < 0, KpN a N p < 0. (10) 

3 + l-pa3jio>KeHH5i npocTpaHCTBeHHO-BpeMeHHbix TeH3opoB Heo6xo- 
flHMO BBeCTH 6a3HC, CBH3aHHBlft c runepiioBepxHOCTbio (pHKCiipoBaHHoro Bpe- 
MeHH. Mbi MorjiH 6bi, HanpHMep, Hcnojib30BaTb rjik stoh uejin neTBepxy 
npocTpaHCTBeHHO-BpeMeHHbix BeKTopoB (N a ,e a i ). O^Haxo Ha caMOM ^ejie 
Tpe6yeTca ^Ba 6a3iica: oflim, cBH3aHHBift c MeTpiiKoft g^, h BTopofl, cbh- 
3aHHbift c MeTpHKoii h^ v . Pa3^BoeHHe 3^ecb npoiicxcfliiT npn nepexo^e k 

HICKHHM HH^eKCaM 

Np = hp a N a , N p = gp a N a , (11) 

h aHajiorHHHo, iiojibjihiotch e a i h e a i- TexminecKH Gojiee yn;o6Ho BBecTii ,zi;Ba 
^pyrnx 6a3iica, r^e b KanecTBe BpeMemincfloGHOH cocTaBjiHromeii BBi6npa- 
lOTca BeKTopbi e^HHHHHoii HopMajiH k rnnepnoBepxHocTH (n a , e°j) h (n a , e"), 
oiipe^ejiaeMBie, oneBH^nio, cooTHonieHHHMH 

h af) n a e? = 0, h aP n a -nP = -1, (12) 

M°«S = 0. g aP n a n^ = -l. (13) 

Tenepb mojkho npHMemiTB 3+l-pa3Jio>KeHHe k BejinniiHaM pa3JiHHHoft 
TeH3opHofi pa3MepHOCTH, HanpHMep, 

N a = Nn a + We" = Nn a + N l e% 



5 + /'vy + /v;^. 
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r^e 

AT = -n^, N { = e^N^, N = -n^N*, N* = e^N", (15) 
9^ = n il n v q»\ = = -n^g^, ^ = . . . (16) 

HeTpy^Ho ycTaHOBHTt. jiHHeiiHyio cbh3b BeKTopoB ,n;Byx 6a3H<x>B 

n a = a/ 1 ^ 11 ^ - -i==e?, (17) 

h, cooTBeTCTBeHHo, jiHHeftHyio CB33B cocTaBjiaioiinix, HanpHMep, 



N = -^ I JlN, N^W-j^N. (18) 
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4 IlocTpoeHHe KaHOHHHecKoro cJ)opMajiH3Ma j^jih 
rpaBHTau,HOHHoro nojia 

JIjis npeo6pa30BaHHa k HyamoMy BH^y hjiothocth jiarpaHHcnaHa ([T]) Heo6- 
xo/];hmo npeo6pa30BaTB ^Ba cjiaraeMtrx, nepBoe H3 KOTopbix He co^ep>KHT hh 
Maccbi rpaBHTOHa, hh njiocKoft MeTpHKH. IIosTOMy fljia: nepBoro cjiaraeMoro 
mojkho BocnojiB30BaTbCH cTaH^apTHbiMH npeo6pa30BaHHHMH [3J OTO, nocjie 

Hero, C TOHHOCTBK) RO nOBepXHOCTHBIX HJieHOB, OHO OKa3bIBaeTCH paBHbIM 

:(R-K 2 + Sj>K 2 ), (19) 



l&KG f^y/f}' 



r^e R - CKajiapHan KpHBH3Ha rnnepnoBepxHOCTH, nocTpoemmH c noMom&K) 
MeTpHKH jij, Kij - BTopaa (pyH^aMeHTajibHan cpopMa rnnepnoBepxHOCTH b 
pHMaHOBOH reoMeTpHH , 3a^;aHHOH MeTpHKoii g^, SpA 2 = KijKkiY k l^ 1 ■ Bto- 
poe cjiaraeMoe, c yneTOM (popMyjibi 



f J = T7T ( f ±l f ±j ~ — I . (2°) 



f ±± y ' rj 
h nocjie noflCTaHOBKH b Hero pa3Jio>KeHHH ( TT4l) . npHHHMaeT bh^ 

. f_ . f 'f J 'iu 

2 + 2f-L-L f^n\2 Vijl J 



2 

m 



167rG 



(21) 
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KaK bh^ho, oho He co^;ep>KHT CKopocTeft h nosTOMy He BjiHaeT Ha onpe^ejie- 

HHH HMnyjiBCOB. 

IloBepxHOCTHBie BKjia^Bi b jiarpaHJKeBy hjiothoctb (nojiHBie npoH3BO^;- 
HBie no BpeMeHH h npocTpaHCTBeHHBie j^HBepreHnnn) He bjihhiot Ha chm- 
njieKTHHecKyio cTpyKTypy, h cjie^oBaTejibHo, Ha ckoGkh IlyaccoHa, rpaHnn- 
Hbie ycjioBHa Ha npocTpaHCTBeHHon GecKOHeHHocrn npHHHMaioTca TaxnMH, 

HTO pHMaHOBa MeTpHKa CTpeMHTC5I K njIOCKOH MeTpHKe MHHKOBCKOrO, a TH- 

nepnoBepxHOCTH CTpeMarca k rnnepnjiocKOCTSiM . IIo3TOMy npnxo^HM k fleit- 
ctbhk) ^jia rpaBHTai^HOHHoro nojia BH^a 




S = ldtl^[- — 1I L- { R-K^^K 



16^1 ' 2 + 2/-L- 1 - /^ryU^^ 1 



I (.22) 



IIpH 3tom He3aBHCHMBiMH nepeMeHHBiMH, no^jie^KainnMn BapBHpOBaHHK) , MBI 
CHHTaeM r )ij{x k 1 t) 1 f (x k ,t), f ±l (x h ,t). H3BecTHBiMH h nosTOMy He no,ri;jie- 
acamnMH BapbHpoBaHHio cjie/oyeT cnnTaTb njiocKyio MeTpnxy npocTpaHCTBa- 
BpeMeHH hfj, v (X a ) h cpyHKHHH, 3aflaioii];He oj^HonapaMeTpnnecKoe ceMeficTBo 
npocTpaHCTBeHHono^oGHBix rnnepnoBepxHocTen e a (x\t), nepe3 hhx b cboio 
onepe^B BBipaxcaioTCJi BeKTopBi 6a3Hca n a [x % , t), ef(x' 1 , t) h BeKTop N a (x l , t). 

BejIHHHHBI Kij (x l , t) ^aiOTCH H3BeCTHBIMH H3 KaHOHHHeCKOrO <popMajiH3Ma 

o6men TeopHH oTHocHTejibHocTH cpopMyjiaMH 

^■ = 2^(% + %-7v,o,) (23) 

r^e b cboio onepe/Jb cpyHKHnn N h N % BBipaacaioTca nepe3 N, N l h f ±± , f ±l 
cpopMyjiaMH (TT8j) . BepTHKajiBHaa nepTa o6o3HanaeT KOBapnaHTHyio npon3- 
Bo^Hyio b pHMaHOBofi reoMeTpHH 3-MepHoro npocTpaHCTBa, onpeflejiaeMyio 
MeTpHKofi jij. HtoGbi He cnyTaTB o6o3HaneHna: HMnyjiBCOB c OTHonieHHeM 
^jihhbi oKpy>KHocTH k ee ^naMeTpy, cnpaneM nocjie^Hee b HOByio KOHCTaHTy 
k = 16ttG. 

Hcxo^h H3 ^encTBHH (122]) fljiH conpajKeHHBix HMnyjiBCOB Haxo^HM coot- 

HOHieHHH 



dC 

ni = 57F = ' (24) 



6 



7Tj 



dC 

W 
dC 



dC OK, 



71", 



i.i 



K 



(K ij — j ij K), 



(25) 
(26) 



H3 KOTOpblX BHflHO, HTO (I24p H f )25|) HBJI3IOTCH IiepBHHHblMH CBH3HMH B TepMH- 
HOJIOrHH fljip&K& [5] H flOJIJKHbl 6bITb ^oGaBJieHBI K raMHJIBTOHHaHy TeopHH 

c npoH3BOJiBHBiMH MHOJKHTejiHMH Jlarpairaa. TaKHM o6pa30M, nojiynaeM 



H 



d 3 x (~''~,,n - C + AVi. + AVi) 



(27) 



fl3 



r^e Heo6xo^HMo BBipa3HTB ckopocth nepe3 HMnyjibCbi no cpopivryjie 
7*i,o = N Mj + N jt + —j=-Wii ~ Hi g)- 



(28) 



Ilocjie 3Tofl npou,e^,ypbi raMHjiBTOHnaH rpaBHTauHOHHoro nojia, c tohhoctbio 
flo noBepxHOCTHbix HjieHOB, npHHHMaeT bh^ 



H 



d 3 x [NH + WUi + X ± tt ± + AVi 



(29) 



i?3 



r^e 



n 



+ 





V 










-1 - 




K 


2 



2/ 



_L± 



f±± v 



Hi 



-Hp 

1 /l - ,n 2 



Hi 
U 

KaHOHHHecKHe cko6kh IlyaccoHa 



- 7jR + K (_-S P 7r 2 ) . 
7 \ k 2 / 



R 3 



SF 6G 5F 5G 5F 5G _ 

S-ftj Sir* + If 11 6ir ± + Jf^&Ki ~ ' 



(30) 
(31) 
(32) 

(33) 



no3BOjiHK)T 3anncaTb raMHjiBTOHOBBi ypaBHeHHH b npHBbmHOM BH^e 

Tfijfi = {lij, H}, Trg {r;'MI}. (34) 
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ffi ± = {f ±± ^h 7i ±fi = {n ± ,R}, (35) 

tf = {f ±i ,H}, 7T i , = {n i ,R}. (36) 

,Hajiee HeoGxo^HMo yGe^HTbca, hto nepBHHHbie cbh3h (jM]) , f )25|) corjiaco- 
BaHM c ypaBHeHHaMH ^BH>KeHH3, fljia stoto cjie^yeT oGecne^HTB o6pameHHe 
b HyjiB npoH3BO^HBix no BpeMeHH 7Tj_ ( q H 7Tj )0 - IIocKOJiBKy conpaxcemibie ne- 
peMeHHBie f^ 1 - h bxo^2t b raMHjibTOHiiaH ajireGpaHnecKH, mbi nojiynaeM 
BTopHHHBie CB5I3H b BH,n;e ajireGpaiiHecKirx ypaBHeHHH 



d% 



0. 



Qf±± ' Qf±i 

KOToptie 9jieMeHTapHo pa3peinaioTCH h ^aioT 

K 



0. 



m 2 y/fj 



(37) 



(38) 



/ 



±± 



K 



nr 



K 



% + 



m- 



; \A/7 /I 



K. 



r/ 



1 39) 



H3 pa3peineHHoro Bima btophhhbix CBH3eH jierxo yBHfleTb, hto hx cko6kh 

IlyaCCOHa C nepBHIHblMH CBH3HMH OTJIHHHbl OT HyjI3, T.e. BCe CB5I3H 2BJI5HOT- 
CH CB5I35IMH BTOporO pO^a H MOryT 6bITB nOJIHOCTBIO HCKJIIOHeHbl BBe^eHHeM 

cko6ok ^upaKa. B ^aHHOM cjiynae cko6kh ,H,HpaKa nojiynaioTca: 113 cko6ok 
IlyaccoHa (1331) npocTbiM HCKjnoneHHeM hjichob c nepeMemibiMH (/ _L " L ,vrj_) h 
(/^) 



{F,G} D = J d' 

R 3 



X 



5F SG SF 5G 



IIo^cTaBjiHH peineHHH ypaBHeHHH CBH3H b raMHjibTOHHaH nojiynaeM 



(40) 



H 



J d 3 x 


N (\ 


R 3 





if'U.U, + 2- 



K 



11% 



V 



m 2 y/rj s 



N l %i 



(41) 



Mbi npHHijiH k raMHjibTOHHaHy, KOTopbifi 3aBHCHT ot KaHOHHHecKHx ne- 
peMeHHbix 7y , 7r* J , a Taxace co^epncHT 3aBHCHMocTb ot hsbccthoh 3apaHee 
(onpe^ejiHeMoii H3 cpHKcnpoBaHHOH MeTpiiKii npocTpaHCTBa-BpeMeHH h cpyHK- 
nrm, onpe^ejHHOHtHX rnnepnoBepxHOCTH) MeTpuKii 77^. Bxo^auiaa: KOHCTaHTa 
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o6ecneHHBaeT HopMiipoBKy SHeprnn BaxyyMa: ecjin pnMaHOBa MeTpHKa cob- 
na^aeT c njiocKoft g^ u = h^ u , to npn jiio6om 3a,a,aHHH rnnepnoBepxHOCTefi 
nojiynaeM H = 0. 

,Hp6aBHM, hto mm MorjiH 6bi He cpa3y HCKjnonaTB H3 raMHjiBTOHnaHa Bee 

CBH3H H BBO^HTB CK06KH ,H,HpaKa, a CHanajia COrjiaCOBaTB BTOpHHHBie CBH3H 

c ^HHaMHKoii (I3"4]) - ( 155|) - HeTpy^Ho bh^tb, hto 3to ^ajio 6bi HaM 
bo3mojkhoctb HaflTH onpe^eneHne jiarpaHxceBBix MHoxcHTenen nepe3 KaHo- 
HHHecKHe nepeMeHHBie, ho He npHBejio 6bi k hobbim cbh3hm. Ilocjie nofl- 
CTaHOBKH Haii^eHHBix jiarpaHJKeBBix MHo^KHTejien b ypaBHeHHH (135|) - ( |36|) 

MBI nOJiyHHJIH 6BI COOTHOHieHHa, SKBHBajieHTHBie TaK Ha3BIBaeMBIM yCJIOBHHM 
rapMOHHHHOCTH 

DJ^ = 0. (42) 
O^Haxo, BBefleHHe ckoGok /InpaKa ncKjnonaeT caMocTOHTejiBHyio pojib sthx 

ypaBHeHHH H OHH CTaHOBHTCH CJie^CTBHeM raMHJIBTOHOBBIX ypaBHeHHH ,hbh- 

aceHHH, nopojK^eHHBix raMHjiBTOHHaHOM (141 p h cKoGxaMH (I40p ■ 

5 CitajiapHoe nojie KaK npHMep HCTOHHHKa rpa- 

BHTaiJ,HH 

Pa3yMeeTCH, Hani cpopMajiH3M 6yn;eT HenojiHBiM 6e3 ^eMOHCTpaniiH no^Kjno- 
HeHHa MaTepnajiBHBix nojieft. IIpe^i;nojio>KHM, hto B3aHMo,neHCTBHe sthx no- 
jiefl c rpaBHTaHHeft HBjuieTCH MHHHMajiBHBiM, Tor^a hx hjiothoctb jiarpaH- 
>KHaHa Cm Sy^eT 3aBHceTB ot HaGopa nojieft (X a ), hx nepBBix npoH3- 
bo^hbix no Koop^HHaTaM npocTpaHCTBa-BpeMeHH h ot MeTpHKH g^ u (X a ), 
npeo6pa3yacB KaK CKajiapHaa hjiothoctb npn oGiuhx Koop^HHaTHBix npeo6- 
pa30BaHHHx. IIpHBefleHHe k raMHjiBTOHOBy BH^y fleftcTBHH nojien MaTepnn 
BBinojiHaeTCH corjiacHo npoH,e,n;ype Kyxapaca | hb pe3yjiBTaTe ^aeT 

t 2 

S M = JdtJ d 3 x (vr A <^ - NH M ~ N'HMi) ■ (43) 
06T.e^HHeHHe stoto ^eftcTBHH c ^eficTBHeM rp aBHTaunn ( 12 2 p cbo^htch k to- 

My, HTO %M H 'Hhti npOCTO ^o6aBJTHK)TCH K TeM T-L H "Hj, KOTOpBie paHBHie 

co^epjKajiH tojibko nepeMeHHBie rpaBHTaHHOHHoro nojia. 

,Hjih njijnocTpaHHH paccMOTpHM cKajiapHoe nojie c njioTHocTBio jiarpaH- 
jKnaHa 

Cm = -V=g Q<T^<R0 + C/(0)) (44) 
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nepexofl k 3+l-o6o3HaHeHH5iM h npeo6pa30BaHHe JIe>KaH,ii;pa MoryT 6bitb 
BbinojiHeHbi fljia: CKajiapHoro nojis He3aBHCHMO ot hhcto rpaBHTaHHOHHoro 
BKjia^a 



npHieM 



(45) 



0,o = -N<f> t± + N^. (46) 
HMnyjiBc onpe^ejiaeTCH oGbihhbim o6pa30M 

^ = ^T =VV (/ ±± 0,± - , (47) 

a CKopocTb BBipaacaeTca nepe3 Hero no (popMyjie 



AT / • f ±l 

+ r - N T 



),o = -7TT-1=T* + iV - ^ttt ( 48 ) 



Ilocjie cooTBeTCTByiomero npeo6pa30BaHna JleacaH^pa ^eftcTBHe cKajiapHoro 
nojia npHHHMaeT bkr (143 p r,n,e 

U M = ~J=(^+ -- ii <),Oi); l O + jU{<t>)\ , H Mi = TT^i. (49) 



TaKHM o6pa30M, oGte^HHaa ^eflcTBHa fljia rpaBHTaHHOHHoro h cKajiapHoro 
nojiefl mm nojiy^HM Te ace caMBie nepBHHHBie CBS3H (I24p , ( |25p , hto h b cnynae 
hhctoh rp aBHTai^Hii , a nojiHBifi: raMiuiBTOHnaH , coflepacamiiii CB5I3H, 6yn;eT 
HMeTB tot ace BHfl (129]) . ITpoue^ypa HCKjnoneHHH cB23eH Taxace He MeHaeTcs 
h OKOHHaTejiBHBiii raMHjiBTOHHaH coxpaHaeT bh^ 041 p . npnneM TenepB 

7f = -4: f--7^ + ^(Sp7T 2 -^) + ^ + i 7 7^^> + 7[/(0)V 



V k v 2 7 2 2 

<5F <5G 5F 5G 5F 5G 5F 5G 



(50) 



HeTpynHo y6eflHTbca, hto raMHjiBTOHOBBi ypaBHeHHsi ^BHJKeHHH fljia cncTe- 
Mbi B3aHMOfleficTByiomHx cKajiapHoro h rpaBHTaHHOHHoro nojiefi HMeioT bh,h; 
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(fljia cjiynaH £7(0) = l/2M 2 (/> 2 ): 

£x(N{<P,H} D + iV fc {0,%} D ) 



Tii,o 



7Ti 



+ 
+ 



fl3 



d 3 x(N{7r 4> , H} D + iV fc {^, ?4}d 



R 3 



J d 3 x(N{ 7ij , U} D + N k { llv U k } D 

d 3 x({7T l \NH} D + N k {7T ij ,n k } D 



(51) 



(52) 



(53) 



R 3 

2 

m - 



+ —N^f 



7 



+ ~ o r\H (tV ~ l l3 l kl 



1 _ JV 



K 

2 

m - 



1 



ki Ij ij kl 



t + nVki 77 -r J i 



(54) 



H3 KOTOporO OHeBH^HO, HTO OTJIHHHe OT COOTBeTCTByiOIHHX ypaBHeHHH OTO 

npoHBjiHeTCH tojibko b nocjie^HeM ypaBHeHHH h HMeeT nopa^oK BejiHHHHbi 
0(m 2 /n). SaBHCHMocTB bcjikhkh f ±x , f ±l ot ochobhbix nepeMeHHBix (|39|) . 
fljiH KOTopbix Bbime GbiJiH nojiyneHbi raMHjibTOHOBbi ypaBHeHHH, mohcho He 
yHHTbiBaTB npn BbiHHCjieHHH ckoGok /InpaKa b CHjiy cpopMyji (J37p . 
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6 Tpynna IlyaHKape b raMHjibTOHOBOM 4>opivia- 
jiH3Me PTr 



Cpe^H BCeX BapHaHTOB raMHJIBTOHOBOH SBOJIIOHIIH, pa3HOo6pa3He KOTOpblX 

npoHCTexaeT H3 npon3BOJia b Bbi6ope cpyHKnnn N(x), N l (x) b raMnjibTo- 
HuaHe (|4l|) . co^epjKaTca npeo6pa30BaHna, coxparonoiinie MeTpnxy Mhhkob- 
CKoro. Bbi6npaa b KanecTBe rnnepnoBepxHOCTen rHnepnjiocKocrn n BBi6npas: 
Ha hhx fleKapTOBBi KoopflHHaTbi, mbi nojiynaeM Ha rHnepnjiocKocTax MeTpn- 
Ky t]ij, HH^yi^HpoBaHHyio MeTpnKon MnHKOBCKoro (7), b npocTenuieM BH^e 
Vij = a (py HKI J HH npeo6pa30BaHHfl ( ITS]) b BH^e 

N = A k x k + a, N* = A ik x k + a\ (55) 

r^e 

Aik — —Aki. 

Tor^a raMHjiBTOHHaH (141 p . BBH^y ero jinHenHocrn no (pymcuHSM N(x), N l (x), 

npHMeT BHfl 

H = P°a — P i a i + M k A k + -M ik A ik , (56) 

2 



r^e 



P° = -^-f(l + f X± )d*x, (57) 



2 

= -— / f Xi d 3 x = - I Hid^x, (58) 

2 

M ik = I fif±k _ x k f ±i\ d 3 x = / ( x k %i _ x i H \ ^ ( 5 g) 



M 



k 



K 

■2 



— f x k (l + f ±± )d 3 x. (60) 



CMBICJI 9THX OnepaTOpOB HBCTByeT H3 TOrO, HTO BCe OHH HBJI5IIOTC3 HaCT- 

hbimh cjiynaaMH raMHjiBTOHHaHa, cooTBeTCTByron^HMH pa3JinHHOMy BBi6opy 
npeo6pa30BaHHfi Koop^HHaT, hmh reHepnpyeMBix: P° OTBenaeT npeo6pa30- 
BaHHio c^BHra no BpeMeHH, P l - npocTpaHCTBeHHBiM TpaHcjumnaM, M lk - 
npocTpaHCTBeHHBiM noBopoTaM n M k - GycTaM. Hanin o6o3HaneHna: BBi6pa- 
hbi rjik yn;o6cTBa cpaBHeHna c aHajiornnHBiMn cpopMyjiaMn pa6oTBi [6], r^e 
paccMaTpnBajiacB ajire6pa IlyaHKape b acnMnTOTHnecKH njiocKOM npocTpaH- 
cTBe OTO. 
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O^HaKO npe>K^;e, HeM cbo^htb raMHjiBTOHHaH k TaKOMy ynpomeHHOMy 
BH^y, nojie3Ho nojiynHTb ajire6py cko6ok /InpaKa ( 150 j) ^jia o6ih;hx raMHjib- 

TOHHaHOB. IlyCTb 



H 



R3 



d 3 x \NH + N l Ui 

d 3 x ^NU + WUi 
±± 



K 



+ 



f'f J r hj 



1 7 /l 



/-L-L77 V2 



i.j 



(61) 



r^e Mbi cHHTaeM J -1-1 , f (pyHKirHHMH , HMeroirrHMH HyjieBbie ckoGkh ^npaxa. 
3to onpaB^aHo TeM, hto cbh3h BToporo po^;a mojkho yiHTBiBaTB kbr ro, Tax 
h nocjie BBiHHCJieHHsi cko6ok ^upaKa. TaKHM o6pa30M, nepBaa nojioBHHa 
CBS3eft (1241) . f )25l) yHHTbreaeTCH ^o, a BTopan nojioBHHa (l38l) . f )39l) - nocjie. 
Kax oGbihho, npn pacneTax oTGpacBiBaioTCH Bee noBepxHocTHbie HHTerpajiti. 
3to onpaB^aHo fljia: octpobhbix chctcm, r^e H3JiyHeHHe ^onycKaeTca tojibko 
bo BHyTpeHHefl oGjiacTH, ho He Ha GecKOHenHocTH, a cKopocTb cTpeMjieHHH 

pHMaHOBOH MeTpHKH K njIOCKOH Onpe^ejI3eTC3 K)KaBCKHM noBe^eHHeM. 

Pe3yjibTaTbi bbihhcji6hhh mojkho npe^cTaBHTt jih6o b BH^e, yn;o6HOM ^jis 
cpaBHemia c aHajiorHHHOH (popMynoft OTO: 



{H(a,a l ),H(f3,^)} 



m 



K 

9 

m 



d 3 x 
2 



XH + \ k U k + (a(3f k - Pa\ k )H 



~ {3a kl£ )(2 - ^7™)) 



A 

X k 



K 

a { p ti - paj, 



(62) 

(63) 
(64) 



7 fc£ (a/3^ - Pa t ) + a^ k e - p e a% 

JIH60 B BH^e, COOTB6TCTByK)meM T60pH5IM nOJIH Ha (pOHe (pHKCHpOBaHHOH 
MeTpHKH! 

m 



{H(a,a l ),H(f3,^)} = H(\, A 



drji 



(aC^jij - PCaVij) d 3 x, (65) 



A fc = r/ M (a/3 £ - Pa/) + a e /3 k - $ l a\, 



(66) 
(67) 
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r,n;e CaVij ~~ npon3Bo,n;Haa: JIh ot MeTpnKH rjij no HanpaBjieHnio BeKTopHoro 
nojia a. Otjihhhsi ot OTO npoaBjiaioTca b ( 16 2 p KaK b njieHax, nponopnno- 
HajiBHBix KBa^paTy Maccbi rpaBHTOHa, Tax n b KoscpcpnuneHTe npn %. IIo- 
cjieflHee cBH3aHo c TeM, hto KoscpcpnnneHT npn j-L, T.e. cpyHKHnsi N, nponop- 
nnoHajieH y/j. CooTHorneHHH (162]) . TaKHM o6pa30M, He npe,n,CTaBjiHK)T co6ofi 
H3BecTHyio ajireGpy ^ecpopMannn rnnepnoBepxHOCTH [S],[6], t.k. cpyHKHnn 
N, N l He aBjiHioTca ee napaMeTpaMH. 

IIo^CTaHOBKa B COOTHOHieHHS ( 165|) BMeCTO npOH3BOJIBHBIX CpyHKHHH a, 

a 1 , (3, ft BBip a>KeHHH BH^a ( |55|) . oTBenaioiuHx npeo6pa30BaHH5iM IlyaHKape, 
npHBO^HT k cooTHonieHHHM ajire6pBi IlyaHKape fljia ckoGok ,H,HpaKa: 

{P\P t } D = 0, {P i ,P j } D = 0, (68) 

{P°,M tk } D = 0, {P i ,M ik } D = 6 ik P j -6 ij P k , (69) 

{M^,M ke } D = 5 ik M^-5 ie M^ k + 5, e M ik -5 jk M ie , (70) 

{P°,M*} D = -P\ {P l ,Mi} D = -5 lJ (P°-c°), (71) 

{M k ,M ij } D = 5 kj (M l -c*)-<y w (M^ -c 7 '), {M\M^ = -M^(72) 

A^n,HTHBHBie BKjia^bi c° = m 2 / k / <i 3 x h c* = m 2 / k / x z d 3 x b Pq n M l , He 3a- 
Bncjunne ot KaHOHHHecKHx nepeMeHHBix H BBipaJKaiOHIHeCH paCXOflHmHMHCH 
HHTerpajiaMH no BceMy npocTpaHCTBy, nrpaioT pojiB neHTpajiBHBix 3apn^;oB 
b KaHOHHHecKOH peajin3aniiH ajireGpti IlyaHKape h oTBenaioT KjiaccnnecKOH 
nepeHopMHpoBKe SHeprnn BaKyyMa. Ohh B03HHKaioT BCJie^CTBHe JKejiaHHa 
o6ecneHHTB CTporo HyjieByio hjiothoctb SHeprnn fljia nycToro npocTpaHCTBa 
MnHKOBCKoro. C 3toh n,ejiBio b raMHjiBTOHHaH (h b jiarpaHJKHaH) BKjHonaeT- 
ca HjieH HyjieBoro nopa^Ka no cpHsnnecKOMy nojno. B to >Ke BpeMS jiHHenHBie 
no cpH3nnecKOMy nojno njieHBi, KaK b jiarpansoiaHe, TaK n b raMHjiBTOHH- 
aHe, noiiBjiHioTca TOJibKo b BH^e nojiHbix npoH3Bo^Hbix n He ^aioT BKjiafla b 
ypaBHeHHS ^BHJKeHna. 



7 3aKjiK)HeHHe 

IIonbiTaeMCii Tenepb pe3K)MnpoBaTb, b neM coctoht cxo^ctbo h b neM pa3- 
jinnne Meac^y PTr n OTO npn cpopMyjinpoBKe Ha H3biKe raMnjiBTOHOBa 
cpopMajiH3Ma. 

Mm BHflHM, hto KaHOHHnecKne nepeMeHHBie n nx ckoGkh b o6enx Teopnax 
coBna^aiOT, oflHaKO, raMHjiBTOHnaHBi OTjinnaiOTCH. Pa3JiHnne bo BHenmeM 
BH^e raMHjiBTOHnaHOB 0Ka3BiBaeTC5i , o^HaKo, He caMBiM cyn^ecTBeHHBiM h, 
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^eficTByH cpopMajibHO, ero mojkho cbccth k MHHHMyMy, nepemicaB cpopMyjiy 
(l4ip b BH^;e (IBTj) . Kyn;a Tpe6yeTca no^cTaBjisiTb BbipanceHHS jj;jis f^^-, f ±l H3 
cooTHoineHHfi f )38|) , (139|) nocjie bbihucjichuh ckoGok ,HHpaKa. Bojiee BaxaibiM 

HBJIHeTCH TO oGcTOHTejIBCTBO, HTO OflHH H Te >Ke BejIHHHHbl Tii B OTO 

^ojijkhbi oGpamaTBCH b HyjiB Ha jiioGbix perneHHHx ypaBHeHHft ^bhjkchhh, a 
b PTr 3to TpeGoBaHHe oTcyTCTByeT. 

3to pa3JiHHHe Be^eT k TOMy, hto hhcjio CTeneHeii cboGojxm b Teopnax He 
coBna^aeT. B PTr mbi HMeeM 6 hhcto rp aBHTaHHOHHBix cTeneHeii cBoGo^bi Ha 
TOHKy npocTpaHCTBa, He cHHTan o6biHHoro HHCJia CTeneHeii cbo6o,2tbi nojieft 
MaTepHH (fljia cKajinpHoro nojia sto hhcjio, oneBHiXHo, paBHo 1). B OTO H3 
HHCJia 6 mbi ^ojijkhbi BBiHecTB KOJiHHecTBo cBa3eii nepBoro po^a, 6 — 4 = 2, 
T.e. nojiynaeM tojibko ^Be CTeneHH cbo6o^bi. 

OTcyTCTBHe cBH3en nepBoro po/j;a npHBo^HT k TOMy, hto raMHjiBTOHHaHBi 
PTr, b nacTHocTH, reHepaTopbi rpynnBi PlyaHKape, He cbo^htch k noBepx- 
hocthbim HHTerpajiaM Ha peineHHHX ypaBHeHHft ^BHxeeHHH, b otjihhhc ot 
raMHjiBTOHHaHOB OTO. TaKHM o6pa30M, b paMKax PTr onpe^ejieHa njioT- 
hoctb SHeprHH-HMnyjiBca h jjpyrnx HHTerpajiOB /XBHHceHHH. 

Bonpoc o 3HaKe hjiothocth sHeprnn b nojiyneHHOM BBipaaceHHH (57) Tpe- 
6yeT ^onojiHHTejiBHoro H3yneHHH. B jiHHeapH30BaHHOM npnGjiHJKeHHH, c toh- 

HOCTBK) npOCTpaHCTBeHHOH JXHBepreHHHH , njIOTHOCTb SHeprHH HBJIHeTCH 

3HaKonepeMeHHOH KBa^paTHHHon cpopMofl. O^Haxo cymecTBeHHoe 3HaneHHe, 
KOHeHHo, HMeeT tojibko nojman TeopHH. Ecjih 6bi b stoh TeopHH cymecTBOBa- 
jia naTOJiorna b BHne OTpnijaTejibHoro noTOKa SHeprnn ot CKajinpHoft kom- 
noHeHTBi, to OHa npoHBjiajiacb 6bi, HanpHMep, b BH/j;e H3JiyneHHH ccpepn- 
necKHx bojih. Ho b paGoTe [7] Gmjio noxasaHo, hto H3JiyneHHe cxajinpHOH 
KOMnoHeHTBi rpaBHTan,HOHHoro nojin b ccpepnnecKH chmmctphhhom cjiynae 
OTcyTCTByeT h BHeniHee nojie hbjihctch HCKjnoHHTejibHO CTaTHHecKHM. 

BonpocBi KaHOHHHecKoro KBaHTOBaHHH Mbi Ha/j;eeMC5i paccMOTpeTb b cjie- 
jxyioiHirx pa6oTax. 
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